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Introduction
In spite of the description of several ATPases in T. cruzi epimastigote, little is known about the enzyme involved in the genesis of a Na+ gradient across cell plasma membrane. Recently, we ob served that the T. cruzi epimastigote CL14 clone and Y strain express a ouabain-sensitive, Na+ plus K+ stimulated ATPase activity (Caruso-Neves et al., 1998a). However, the Na+ stimulated ATPase activity was not completely abolished by ouabain raising the possibility that there is a second N a+ pump insensitive to ouabain in T. cruzi epimasti gotes of both cell lines tested.
In several tissues two Na+ pumps have been described: 1) the classic ouabain-sensitive
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EDTA, (ethylenediaminetetraacetic acid); Hepes, (N-2-hydroxyethylpiperazine N'-2-ethanesulfonic acid); Pi, (orthophosphate); Tris, (tris(trishydroxymethyl)-aminomethane); ATP. (adenosine triphos phate); furosemide, 5-[aminosulfonyl]-4-chloro-2-[(2-furanylmethyl)amino] benzoic acid. Reprint requests to Anfbal Gil Lopes. Instituto de Biofisica Carlos Chagas Filho -Universi dade Federal do Rio de Janeiro, CCS Bloco G, 21949-900 -Rio de Janeiro, RJ, (N a++K+)ATPase, and 2) the ouabain-insensitive, furosemide-sensitive Na+-ATPase. The ouabaininsensitive N a+-ATPase activity was initially de scribed in aged microsomal fractions from guineapig kidney cortex and was so-called the second so dium pump (Proverbio et al., 1989) . Later, the presence of this enzyme was demonstrated in plasma membranes from several different tissues of different species (M oretti et al., 1991; CarusoNeves et al., 1998b). The Na+-ATPase transports N a+ against an electrochemical gradient and is not stimulated by K+ (Proverbio et al., 1989) . This pump also has a parallel distribution with the (Na++K+)ATPase, and it has been observed only in the plasma mem brane (Proverbio et al., 1989; Caruso-Neves et al., 1997) .
In the present study we investigated the possible existence of the ouabain-insensitive, furosemidesensitive N a+-ATPase activity in T. cruzi epimasti gote CL14 clone and Y strain. (1983) .
Material and Methods

Chemicals
Cell cultures
T. cruzi (epimastigotes) from NIH NTY (a gift from Dr. G. Cross, Rockefeller University, NY) and CL strain CL14 clone (a gift from Dr. Egler Chiari, Federal University of Minas Gerais, MG, Brazil), were cultivated in LIT medium as pre viously described (Rondinelli et al., 1988) .
Cell Preparations
The cells were counted in a hemocytometer and washed four times in 0.5 m Hepes-Tris (pH 7.0) in the absence of Na+ and K+. The cell lysates were prepared by pre-incubation for 30 minutes in a so lution containing: EDTA 1 m M , deoxycholate (D O C ) 0.1% (w/v) and sufficient cells to give 6 mg protein/m l (3 x 109 cells/ml). After this solubiliza tion step the hydrolytic activity was assayed by ad dition of cell lysates (0.2 ml; 5% of the total vol um e) to the reaction medium to give a final protein concentration of 0.3 mg/ml. The Na+ con tam ination from the sodium deoxycholate and ED TA tetrasodium salt was 0.12 m M and 0.2 m M , respectively.
Measurement of ATPase activity
Except when noted, standard assay medium (0.2 ml) contained: 10 m M MgCl2, 5 m M [y-32P]ATP, 20 mM Hepes-Tris (pH 7.0), 2 [ig/ml oligomycin and specified amounts of Na+ and/or K+. In all cases, the total concentration of Na+ plus K+ was always kept at 150 m M in order to maintain constant the ionic strength.
ATPase activity was measured using the method described by Grubmeyer and Penefsky (1981) . The reaction was started by the addition of cell lysates (to the reaction medium), and stopped af ter 30 min by the addition of 2 volumes of acti vated charcoal in 0.1 n HC1. The [32P]Pi released was m easured in an aliquot of the supernatant ob tained after centrifugation of the charcoal suspen sion for 20 min at l,500xg in a clinical centrifuge.
Spontaneous hydrolysis of [y-32P]ATP was m ea sured in tubes run in parallel in which the enzyme was added after the acid. Protein concentrations were determ ined by the Bradford method (B rad ford, 1958) using bovine serum albumin as a stan dard.
Statistical analysis
The data were analyzed by two-way analysis of variance (ANOVA), considering as factors the treatments. The m agnitude of the differences were verified "a posteriori" by the Bonferroni's test. In all cases the considered level of significance was less than 0.05. Statistical comparisons for each ex perimental group are indicated in the legends of the Table. The experiments were carried out in du plicate. When the data were expressed as percen tage of the control values, the statistical test was applied to the absolute results.
Results and Discussion
Determination o f the ouabain-insensitive N a+-ATPase activity in the T. cruzi epimastogotes CL14 clone and Y strain
It has been observed that the second sodium pump is a ouabain-and K+-insensitive N a+ stim ulated ATPase activity. To investigate the presence of this enzyme in T. cruzi epimastigotes CL14 clone and Y strain the parasites, previously treated with deoxycholate, were assayed for Na+-ATPase activity by determining the effect of 120 mM N a+ on the ATPase activity in the presence of 2 mM ouabain. The results are shown in Table I . It is clear that N a+ stimulates the ATPase activity in both strains (14.2 ± 4.1 and 17.6 ± 1.2 nmol Pi x mg-1 x m in-1 in CL14 clone and Y strain, respec tively). Furtherm ore, it can be seen that 30 mM K+ has no effect on the Na+ stimulated ATPase activ ity in the presence of 2 mM ouabain. This ouabaininsensitive N a+-stimulated ATPase activity of the T. cruzi epimastigote CL14 clone and Y strain is Mg2+-dependent (data not shown). The addition of 2 mM ouabain in the absence of Na+ and K+ does not change the basal Mg2+-ATPase activity.
Several papers have shown that the principal characteristic of the Na+-ATPase is its insensitivity to ouabain and K+ (Proverbio et al., 1989) . We ob served that 2 mM ouabain, in the absence of K+, did not change the Na+-stimulated ATPase activity in either CL14 clone or Y strain T. cruzi epim asti gotes. In most tissues the affinity for ouabain is in the micromolar range, but other preparations such as that of the rat proximal tubule membranes show a millimolar affinity for this drug (Sweadner, 1989; Blanco et al., 1995) . The sensitivity of the (Na++K+)ATPase for ouabain depends on the iso form expressed by the cells and is also tissue spe cific (A kera et al., 1985; Blanco et al., 1995) . How ever, in all tissues which express the (Na++K+)ATPase activity the addition of 2 mM ouabain is sufficient to achieve complete inhibi tion of this ATPase activity, indicating that the in sensitivity to ouabain is not due to the concentra tion of ouabain used in this work to measure N a+-ATPase activity.
Main characteristics o f the ouabain-insensitive N a+-ATPase
The effect of varying concentrations of N a+ on the Mg2+-ATPase activity of T. cruzi epimastigotes CL14 clone and Y strain is presented in Fig. 1 . The ATPase increases its activity concomitantly with the rise in the concentration of N a+ in the medium, reaching maximal values at approximately 100 m M
[NaCl], mM Fig. 1 . N a+ concentration dependence of the ATPase ac tivity in T. cruzi epimastigotes in the presence of 2 mM ouabain. ATPase activity was measured as described in Material and Methods. Prior to the ATPase assays, the cells were treated with 0.1% deoxycholate (w/v) and 1 mM EDTA for 30 minutes at room temperature. All assays were car ried out in the presence of 10 mM MgCl2, 5 mM ATP (as magnesium salt), 20 mM Hepes-Tris (pH 7.0), 2 ^ig/ml oli gomycin and the indicated Na+ (as NaCl) concentra tions. The data (mean ± SE) correspond to the differ ence in assays performed in parallel in the absence or presence of 2 mM ouabain. All experiments were done in duplicate (n = 8 ).
N a+ in both strains. The kinetic param eters were calculated with the use of a Michaelian-like equa tion;
The K 50 is 34.3 ± 5.8 and 37.7 ± 5.3 mM and the maximal rate (V^*) is 18.0 ±1.0 and 21.1 ± 1.1 nmol Pi x mg-1 x m in-1 for CL14 clone and Y strain, respectively.
It is known that the Na+-ATPase is inhibited specifically by furosemide (Proverbio et al., 1989; Caruso-Neves et al., 1998a; 1998b) . Fig. 2 shows the effect of furosemide on the Na+-stimulated ATPase activity in the presence of 2 m M ouabain. The increase in furosemide concentration from 0.1 to 2.0 mM completely inhibited the Na+-stimulated ATPase activity in a dose-dependent manner, with maximal effect observed in the presence of 2 m M furosemide in both cell types. The kinetics param eters were calculated by the following equation:
The / 50 was calculated as /Cj17" (0.22 ± 0.03 and 0.24 ± 0.07 m M for CL14 clone and Y strain, ATPase activity was measured as described in Material and Methods. Prior to the ATPase assays, the cells were treated with 0.1% deoxycholate (w/v) and 1 mM EDTA for 30 minutes at room temperature. All assays were car ried out in the presence of 10 mM Mg2+ (as MgCl2), 5 mM ATP (as magnesium salt), 20 mM Hepes-Tris (pH 7.0) and 2 ng/ml oligomycin. The ouabain-insensitive Na+-stimulated ATPase activity was calculated as the differ ence between the ATPase activities measured in the presence and in the absence of 120 mM Na+, both in the presence of 2 mM ouabain. The furosemide concentra tion was increased from 0.1 to 2 mM. The data are ex pressed as percentage of the control. All the experi ments were carried out in duplicate (n = 6 ).
respectively). The Hill number (n) was 0.99 ± 0.2 and 2.16 ± 0.29 for CL14 clone and Y strain, respectively. The addition of 2 mM furosemide does not change the ouabain-sensitive (Na++K+)-ATPase activity (data not shown). The differences found in the n coefficient indicate that the furose mide binding site is different for both cell types.
This effect of furosemide can not be correlated to the Mg2+-ATPase activity or the (Na++K+)-ATPase activity since we observed that these activities did not change upon addition of furose mide (data not shown). Therefore, these data indi cate that the cells used in this work express the socalled second Na+ pump. This hypothesis is also supported by the observation that K+, a classical stimulator of the (N a++K+)ATPase activity, did not change the Na+-stimulated ATPase activity in the presence of 2 mM ouabain (Table I) .
Finally, we must consider another possible phys iological role for the ouabain-insensitive, furosemide-sensitive Na+-ATPase of T. cruzi. In all tis sues studied, the (N a++K+)ATPase activity is 10 fold higher than the N a+-ATPase activity (Proverbio et al., 1989) , while the CL14 clone and Y strain present a N a+-ATPase activity of about 3 fold higher than the (Na++K+)ATPase activity (compare Table I this paper with Caruso-Neves et al., 1998a). Therefore, it is plausible to postulate that the main enzyme responsible for the genera tion of a N a+ gradient across the cell plasma mem brane in T. cruzi is the ouabain-insensitive N a+-ATPase described in this study.
